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(57) Abstract: A reflection optical modulator including a bidirectional optical amplifier, or a multi- wavelength simultaneous optical 
modulating device composed by combining reflection optical modulators. BY numerically limiting the relation between the gain of 
the bidirectional optical amplifier and the loss of the optical modulators 
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or by inserting polarization rotating means, the influence of the light reflected at the ends of the bidirectional optical amplifier is 
lessened, and a stable amplifying function is realized. A transmission optical modulator including semiconductor optical amplifiers 
(SOAs) connected in multiple stages is also disclosed. Optical isolators are inserted every other SOAs. Thus, the influence of the 
reflected light is lessened, and a stable amplifying function and reduction of the cost are both realized. 
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•e-ft^t-L 2g 2 x, 4g 2 x 2 r' -fib, ^fl^m* fc*3V>T^»l5frfe 



2g 2 * 



(1) 



N (r'+2gVr') 

10 S 2g 2 * (2) 

N (g 2 r + 2gVr) 

E£j&*Tf#5. 5£ (2) &x©w»fcl/r^fc-r£, 

^ 1_ 

-&8 (3) 

15 I*!Jfi|@g§*iJ#G [dB] &m^%£. 

L = -101og 10 (*)=101og 10 (g) + |-101og 10 (2) = G+1.5 (4) 

20 JMBfc 0 teOTO «fc 5 n tOTtrs. 

£ 1 exp[i(a> e f + ^)], Klt^2(D^--^{|iJ^ll^-Sr£ 2 expp(6? e f+^ 2 )]^T§<h, §{g 



WO 2004/113998 ^Jbx/JP2004/008762 

14 

Eout (0 - E Q exp[t(<w e f + 0 O )] + E, exp[i(p> c t + + £ 2 exp[i(<y e ? + 0 2 )] 

(5) 

i, = E 2 + 2E0E, exp[i(0 o - &)] + 2E 0 £ 2 exp[r(0 o - &)] ( g > 

+ E* + £ 2 2 + 2E X E 2 exp[i(A - # 2 )] 

10 h (^), M)i&2/H- Klftfcl £-Efftfc2<Z)l£-h (^F 

2 2(E 0 2 E 2 +E 0 2 E 2 2 ) 

RIN ~ (O 3 m 

£;i£T<Dfilite, Kt^<hLT^:£ft} , e*t'l@g§4 0 9,4 1 50^W^0 
S^l*<k^S^2^#ltbfe^ Hl^fcteU 350frntf6*i'!ig|4 0 9, 4 1 5 

®si*^©sst^6(DS^0^fh^bi:*e^ti^ ^ (7) -e#;is>n$# 
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§§4 0 9, 41 5<Dmffimfrz<DK%<Dfr&3mmfcM'gr\zi t z, ±m&m*>Q*m. 

W,±(Dmmis TK^^IU^t^ (Awe: Arrayed-Waveguide Grating) 

(Dnh-u>h2nxh-2<D9£w&femmzM J mb&^Ui&7Fi>fc, ieee j. 

Lightwave TchnoL, vol.14, no. 6, pp. 1097-1105, 1996 CDm3CfrZ<DMi&lZ& 



rr 2 = 2E 0 2E 1 2 + E 0 E 2 ( O \ 

(O 5 



fig. 1 ±ib©^: (8) %m^rc.mnm$k*^~t e mm\z^x, 
fe&mmtk (D [dB], ^tte^Qffi [dB] ^^zs^m^m^mmmm 
#[dB] ^^-To yt^mmmmmz, mum (mbs&mm) 411, 4i9t 

&tt&3 d B(D^mm$:&%> misted 2 G- (L-3. 0) [dB],^ 3d 
15 B(»f|*R£:£#jrr£2 G-L [dB] ©j^^^T^t-T^So 

5Q4fi£J3\ IEEE Photon. Technol. Lett. Vol. 5, no. 3, pp. 304-306 fd&^T 
m^nx^Z, ^mytOim^ttm^lk (SNR : Signal to Noise Ratio)£giS 

20 iz^vfemtsnz. Z ut, S (1) :fe£££S (0) te, ^n-e**u V-^&^O? 

^-^©MM^^t" o il^T^ S (1) =ltTZ>t, o l =o Rlt1 XhD. 
S (0) :fe£OCa 0 teU SEHf D tl&t £ «h^T#5o 

^P^«4 0 5,4 0 T^<DXt>mfcytnv 6 dBm, WJSfa 

25 ^it>ii^fij#G=i o [dB], vet foftmm&m^mgk 7 <ib, m*ftytmm§& 
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myt^mT^>%<Dtvr^o ^©n-g^jii-efcsF i g. i 3\z^t^o\z, mm 

»L=11. 5 [dB], ^£0, L = G+1. 5 [dB] fc^ViTQIlift 

(a) 0<=L<=2G+3. 0 

3feSEPH§«l#2G- [L-3. 0] >=(K %XM«¥U#2G~ [L- 

3. o] =0 (dB) ©Q«i*««»$ns3taEW«pa*fig«, 

(3) 3. 0<=L<=2G 

3fc£lH&?U»2G-L>=<K ^O, 3t3SgW«fU#2G-L=0 (dB) CD 

(r) G-4. 5<=L<=G+ 7. 5 

Qte#**4tfc:*#bT 3 d BSktotfcZmmo 
(d) L = G+1. 5 

(<5) (Dmmz-O^Tfo, _hlE©®DT&£o (or) :fe«fctf (3) ©ftftfc 

te&vtzL<D±mftz. yt&Mwm*o [dB] ^±7?*-5j:i*^f. sag 

Qtt^flfc^UT 3 d B^ft t^5©tt, 5. 5 [dB] <=L<= 
17. 5 [dB], ^£D, (G+l. 5) -6 [dB] <=L<= (G+l. 5) 
+ 6 [dB] ©P#T&5. C©L©16H»G©*fcJ:6fcl*.iafc±IB©5$(3) 
t^tlSxOttS, ±IE©5£ (1) fcfSALT#£*l3M©¥# (3 d BM) ^ 
5£ (1) fc*bV>£bfcl$©x©2acMj**tf<£, *©*«:, 

„ M±s@ (10 ) 
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Z, = -101og 10 (x)=101og 10 (- 




0 + 101og 10 (^) 



(1 1) 



s (G +1.5) ±6 

lm, zw (r) <Di$m(D±mm&&tfTmm*m:-ro 
<(?)) k&^t, ^ss^e^fijt#§^bfe**, ^w3fcfc^-r*si*^©Jt 

5 «<«cW?T^. COtl FIG. 1 3frbWiofrf3L&5\Z, 
Ml&LS: (<5) ©L = G+1. 5 ICifittttSS. ^©Jt^^<g<T#§o 

m-ettM? ^mm^mms oit, &$L&y£*mfe(D%i&mz 

15 Wi&yt<D&m&Mjjfa-vmMT zytmrn^mm 5 o 5 1 . ytmm&m& 505*^ 

M5 0 6 t^m^^-m-m^mmm^^o 
m^m^s 0 ltitii -istj;<^ffl$n^ii^t*-AX7 ,, u v$ (pb 

S : Polarization Beam Splitter) £IBWlteU;^> * 
i£S<S-#i£g§5 0 2 tLT, ^J^AWG^l^u«f5. AWGI1 & 
25 Z\£h~e%Z>o 
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%ttfaytmmm5 0 3£hx* misoA^^s^t^s. soah 

te, x;Vtf£7A^jR3fc:7 7-f A* (ED FA : Erbium Doped Fiber Amplifier) foil 

mMyt7 7^mzm&?zm&mfrzffij$.2n%rc.ibs ^t©i^e»s oa 

y&ifaytmms o 3 t^m^sass 0 5 homtztemfcmm^ms 0 4# 
10 sas^nxv^^ jio^iEife#^5 0 4tum i/4%l&m, &z>wzy 

15 wrrsattB&wrs. ^n5©MS»cj;nn 4og (bps) ^--yoD 
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myt^$>^\mmw.mz^T^tRmm5 o 7 izyt^mzmm-znx^z. 

10 sjcfrintffcig'iegg 5 0 3 ^s^tu ^<D/^y—&m%8znz>o 

m^^f)m^git&m%mz\To &^x, fig. 5izm?£5\z, mmyttm. 
myt<DWj\%ytmm%s5 0 s^^omttAu- mm) <vm (feb<«x^/iy- 

^n^ft^n^^T3^&[i[$g#j^ 504 {cA^$n^ 0 ^urns^ 504c 
mews 5 0 5«tf c^-^ie^t) niOMi^ns, aswsnfci*— 

20 fc^te^3ilS^PI§§ 5 0 5 <DytKtt%sm-$- h <fc 0 fcttfj $ n, ^Jxt*^ 5 0 7a. 
A^n^o 3£M3^5 0 7TRM$n^ii^f^ W^3tm^P^5 0 

T^OT^^e,{C4 5^|eJi52tU ^^it*i§§5 0 3\ZXJlt£tlX. KJjfayt 
mm^S 0 3TS^ny-*it*S$n^>o^lR]7feii>Ii^5 0 3<£ffi;»iWfciU 
25 ^<£®&@^A:frft<i:lt^T9 0m~ftlT^Z>fc®.m$LfrM^5 0 1 lCJ:DA^ 
3ti:ffi^t^ili-?>il<i:^T#?). tot, ^^if>l§§§5 0 3^e>ttl£:ffl 
^PiftfcJu &S-&#&g§5 0 2TM$nT*^, i!iE#l»5 0 1 ODffi^^- 
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5o FIG. 4\Z7X-§T&5\Z, Z\<DKMytfe, MJjfofcmmzte2-Dft&l, (KM 

2 ©H-Md&fiijfc# u if- h ms- t i>xmmm e> czzuztzZo 
10 b*>b&3&«6, 0&m4E^5 0 4&m~?z>*mmmM<Dmj&iz&^T\Zs f i 

G. 1 5T?««ffi©3ffa**b*r P3Tffl*nfc^PPT^t- J: die, 5R^rlRl3tei|}«l« 
5 0 3 ©Kltft 1 *5 <fc 2 fcJu R— #ftfc£ttMI0te*> b < ^^©ISt 

mzm*}\z#>\,*xm$Lftmm5 0 1 \z&^xftMznz> e ^©^m, ^©ft©^ 

mmm5 0 5 tUTs L i N b 0 3 T y A7x>^3l^iS^i:0^-0A 
*^»Di5(D»lO^«i©M&F I G. 1 6 iZTjkT. ^5 (DM 

25 n^i©gitt±5E0^4 <Dmffimmiz&Kz&tiL&—&yt&mmm<oy£&Bm 
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&^itf«b <^bi"^>o f i g. i 6^f^^j;ti^ m^mm^s o 
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mmmjjfaytmm^mmmG (dB) \zttrzmttt&m.^m^&^<DAtim 

. 10 ^<Dft/iy~£MfB^^iJ|#^^^ 
0 (dB) ^e>2G+3. 0 (dB) 

15 2. MfB^flg&m&L (dB) <Dm&, 
G+l. 5 (dB) 

j; o \zmm2nx^z>z\£&&WL£~rz>m$:m i iBm©^^« 0 
3 . mz?zjifay£Mm^mmm<D^ftmmz&^xmft-zftz> z. t &mkt. ' 
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%> ?n \zmtt*> nfcmmmvyt&mmm^x &z>z\t t -r 

t^Mtti>»ti i ^(D^-rn^zmmcD^mmmo 

m^ymm^m^wt^mmv^m-m^ytt:nxsmytmm.mm^m\zmm^ 
mt^m&^m-^ytmz^uvxmm^mytmm^miz^n^nAtj 



9. twiB^gs^w^aofttf^fcttftfcM^^jf^nTv^ct* 
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i o. ^n?nmm®&Amm?&mfttt&&j&T%wknm (n>=2) 
5 xti^tim^m^nmo^m^ytmm^tmtim^m^mm-^ (n + D 
(n + 1) mo%mm^m.(Dmm.m^rz.m^wmo^mzm)mx^n^% 

io £ mm? z. t t-tzytmmmwo 

1 1 . iftmM$knm<D¥m&ytmmm<D*<D i -?<D*m&ytMmm*. mmm^ 

15 

12. taiB (n + 1 ) M©^^^©v^n^ i mmizMtayt&m^m^m* 

1 3. MIS (n + 1) 1513X^^43 ck^ffilBm^^ 

14. MIS (n + 1) fi^^^^^Tt&IBTfeT-ry lx-^^#A$nTVi 
25 *Jgl2 1 3 t|B^(D^i^^«„ 
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